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Appendix A 

Development of Acceptable Leachate Concentrations 

A-1. INTRODUCTION 

Due to the uncertainty associated with the masses and the subsequent modeling of the leachate 
concentration, acceptable leachate concentrations (ALCs) for use at the ICDF were developed for those 
COPCs identified in the LeachateKontaminant Reduction Time Study (EDF-ER-274). Radiological 
COPCs should be evaluated using the proposed standard “A Graded Approach for Evaluating Radiation 
Doses to Aquatic and Terrestrial Biota” (DOE, in preparation). It is approved by EH-4 for interim use by 
DOE program and field elements in evaluating doses to biota. This technical standard provides dose 
evaluation methods that can be used to meet the requirements of DOE Orders 5400.1 and 5400.5. 

The leachate is considered the major pathway of exposure to ecological receptors since the soil 
exposure will be limited by the 2-ft clean fill layer maintained during facility operations and the biobarrier 
that will be in place when the facility is completed. These ALCs can then be used to calculate the 
acceptable mass using the approach documented in EDF-ER-274. The ALCs are designed to be protective 
of all other ecological receptors with access to the pond. 

The approach is based on EPA (1999) and is considered less conservative since it more completely 
models the food web than the EBSL and HQ analysis documented in VanHorn, Hampton, and Moms 
(1995) that was primarily used in the main analysis. In this approach, several species were selected as 
receptors to evaluate the pathways presenting the most likely route of exposure from potential 
contaminants at the ICDF leach pond. Both terrestrial and aquatic receptors were selected since it is 
apparent that the leach pond will experience use by waterfowl. However aquatic organisms, such as fish 
and other benthic organisms, were not assessed since this facility is not considered a natural water body. 
After the ICDF mission (estimated 15 years) is accomplished the pond will be eliminated as a source of 
drinking water for those species present at the INEEL and it is not connected to any natural waterbody. 

The deer mouse, mule deer, coyote, Townsend’s western big-eared bat, mourning dove, mallard 
duck, spotted sandpiper, sage grouse, red-tailed hawk, and bald eagle were selected as receptors. Since 
this pond is not a natural water body the time of exposure or area use factor was significantly reduced for 
both the mallard duck and spotted sandpiper. As discussed in Section 4, the time estimated for use of the 
pond by these species was reduced to one week per year. This evaluation was also be used to estimate risk 
to these receptors from concentration of contaminants in the pond. Contaminants of concern were taken 
from the proposed inventory of contaminants to be disposed of in the landfill including arsenic, boron, 
calcium, chlorine, magnesium, phosphorus, potassium, selenium, sulfur, vanadium, and zinc. 
Concentrations in the leachate for these contaminants were modeled as discussed in EDF ER-274. 
Calcium, magnesium, and potassium were eliminated from the list of COPCs because these chemicals are 
essential nutrients and are not considered toxic unless present in extremely high concentrations (1OX 
background values). Chlorine was also eliminated as a COPC because chlorine is a strong oxidizer and 
will react rapidly with inorganic compounds. The presence of light will also accelerate the dissipation of 
chlorine in water (Vulcan chemicals). Therefore, chlorine is not likely to remain in the pond for a long 
period of time. 

For the remaining COPCs, the fraction of the total water body COPC concentration in the water 
column and benthic sediment (used to calculate exposure) was calculated using the approach and defaults 
presented Chapter 3 of EPA (1999). These fractions are presented in Table A-1 and were used to calculate 
the ALCs. ALCs were back-calculated from the hazard quotient (of 1.0) to present the allowable leachate 
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concentrations that may be present in the leach pond. Due to the conservative assumptions concerning 
exposure to the pond it is assumed that a HQ of 1.0 will be protective in the presence of multiple COPCs. 

Modeled concentrations for vanadium are a potential problem for the deer mouse and bat using this 
approach. However, if the conservative assumption of 100% site area use by these receptors was more 
realistically modeled this would not be a risk. 

Boron also has a very high modeled leachate concentration. Although essential to plant growth in 
small amounts, boron in excess of 0.5 mg/L can be stressful or toxic to many plants, and water with a 
boron concentration of greater than 2.0 mg/L is toxic to most plants (from USGS. Ground Water Atlas of 
the United States- Segment 1 California Nevada located at http://capp.water.usgs.gov/gwa/). Therefore a 
concentration of 0.5 mg/L would be considered an AL lacking other available data. Boron concentrations 
in the inventory were very conservatively evaluated and it is unlikely that concentrations should reach the 
modeled level. 

Exposure to the modeled leachate concentrations of selenium for the mallard and spotted 
sandpiper, should be monitored since the concentration is very close to the ALC. However, this 
concentration is not anticipated to present risk. 

All contaminants should be monitored for in the leachate. However, the masses were very 
conservatively modeled in the original inventory estimate and it is unlikely that any contaminant will be 
would be present at these levels in the leachate. 

A-2. Surface Water Concentrations 

Concentrations of COPCs in the surface water were estimated using the total water concentration 
(ALC) using the approach presented in Chapter 3 of EPA (1999). 

A-3. Sediment Concentrations 

Concentrations of COPCs in sediment were estimated using the total water concentration (ALC) 
using the approach presented in Chapter 3 of EPA (1999). 

A-4. Plankton, Aquatic Plants, and Aquatic Invertebrates Concentrations 

Concentrations in plankton, aquatic plants, and invertebrates are estimated using a steady-state 
BCF and the estimated concentration in surface water. This concentration is calculated as follows: 

where 

Cbioto = COPC concentration in aquatic life (mg/kg) 

C, = COPC concentration in surface water (mg/L) 

BCF = Steady state bioconcentration factor for each COPC based on dissolved concentration 
in water 

BCFs based on dissolved concentrations in surface water will be used and are presented in 
Table A-2. 



A-5. Herbivorous Birds, Mammals, and Amphibians Concentrations 

Herbivores consume only plants and ingest water. The equation used to predict uptake from plants, 
soilhediment, and surface water by herbivores is simplified by conservatively assuming that the 
contaminated fraction of water (Csw), herbivorous diet (Cp), and soils or sediments (Cs/sed) is equal to 1 
(i.e., no uncontaminated material is contacted). Because the data are inadequate to distinguish between 
uptake by different plant species, only one component is required to account for the dietary contribution 
to exposure; thus, there is no parameter for proportion of each item in diet. The equation below is 
generalized to address the tissue concentrations of COPCs in herbivores from either an aquatic or 
terrestrial environment. The equation is the sum of the uptake from diet, soil or sediment, and surface 
water as follows: 

where 

CH = COPC concentration in herbivore (mg/kg) 

CP = COPC concentration in plant (mg/kg) 

PP = Proportion of plant food item in diet that is contaminated (unitless) 

Ps/sed = Proportion of soil or bed sediment in diet that is contaminated (unitless) 

P W  = Proportion of water in diet that is contaminated (unitless) 

B C F p . ~  = Bioconcentration factor between plants to herbivore (fresh-weight basis [fwb], 
unitless) 

Cs/sed = Concentration of COPC in soil or sediment (mg/kg) 

BCFdsed.H = Bioconcentration factor between soil or sediment to herbivore (unitless) 

CW = COPC concentration in surface water (mg/L) 

B C F W . ~  = Bioconcentration factor between surface water and herbivore (unitless). 

To estimate a BCF from food, the biotransfer factor (Ba) for the COPC will be multiplied by the 
dietary IR (IRF) for that receptor according to the generalized equation as follows: 

BCFF= Ba * IRF (A-3) 

where 

BCF, = Uptake factor between herbivore and plants (unitless) 

Ba = COPC-specific biotransfer factor (day(d)/kg fresh weight) 

ZRF = Dietary ingestion rate (kg fresh weighdd). 
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To estimate a BCF from soil or sediment, the Ba for the COPC will be multiplied by the media IR 
for soil or sediment (Rs/&) or for surface water (R,) for that receptor as follows: 

BCFslsed-H = Ba * IRsed or soil BCFW-H = Ba * IRW 

where 

(A-4) 

BCFds,d.H = Uptake factor between soiVsediment to herbivore (unitless) 

Ba = Biotransfer factor between soil or sediment to herbivore (dkg, fwb), COPC- 
specific 

IRdsed = Soil or sediment ingestion rate (kg/d, fwb) 

BCF,., = Bioconcentration factor between water and herbivore (unitless) 

Ba = Biotransfer factor between water and herbivore (a, fwb) 

IRW = Water ingestion rate (Ud). 

Ba values on a fresh-weight basis were obtained from Baes et al. (1984). For selenium and zinc, 
they were obtained from EPA (1999) which indicated that Ba values were derived by dividing uptake 
slope factors obtained from EPA (1993) by a daily consumption rate. For use in calculating BCF values, 
dry weight Ba values were converted to a fresh-weight basis. BCFs are presented in Table A-2. 

A-6. Omnivorous Birds and Mammals Concentrations 

Omnivores consume both plant and animal material. Since plants and invertebrates or other 
animals may not accumulate contaminants at the same rate or to the same level, the contribution from 
each type of diet must be summed to obtain total dietary exposure. Plants will not be broken into separate 
types for modeling due to the uncertainty; thus, there is only one plant component. The equation as 
follows: 

COM = C(c.4, * Pfi * FAi) + * BCFp-0, * Pp* Fp) + (Cslsed * Pslsed *BCFs/scd)+ (Cw * Pw*BCFw-om) 
(A-5) 

where 

PAI 

= 

= 

= 

= 

= 

= 

= 

COPC concentration in omnivore (mgkg) 

COPC concentration in ith animal food item (mg/kg) 

Fraction of diet consisting of ith animal food item (unitless) 

Bioconcentration factor for plant-to-omnivore (unitless) 

COPC concentration in plants (mgkg) 

Fraction of diet consisting of plants (unitless) 

Proportion of ith animal food item in diet that is contaminated (unitless) 
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PP = Proportion of plant food item in diet that is contaminated (unitless) 

Ps/sed = Proportion of soil or bed sediment in diet that is contaminated (unitless) 

PW = Proportion of water in diet that is contaminated (unitless) 

cs /sed  = COPC concentration in soil or bed sediment (mg/kg) 

BCFslsed = Bioconcentration factor for soil- or bed- sediment-to-omnivore (unitless) 

CW = Total COPC concentration in water column ( m a )  

B C F w . o ~  = Bioconcentration factor for water-to-omnivore (L/kg). 

Receptor-specific uptake concentrations and variables and COPC- and receptor-specific 
media-to-omnivore are presented in this appendix. They were calculated with the equation listed above 
for an omnivore. BCFs are presented in Table A-2. 

A-7. Carnivorous Birds and Mammals Concentrations 

Carnivores consume animal matter. The equation used to predict uptake from animal tissue, soil, 
sediment, and surface water into carnivores was obtained from EPA (1999). The equation is the sum of 
the uptake from diet, soil or sediment, and surface water as follows: 

where 

cc = COPC concentration in carnivore (mgkg) 

CAI = COPC concentration in ith animal food item (mg/kg) 

PAi = Proportion of ith animal food item in diet that is contaminated (unitless) 

Ps/sed = Proportion of soil or bed sediment in diet that is contaminated (unitless) 

PW = Proportion of water in diet that is contaminated (unitless) 

FAi 

cs/sed = COPC concentration in soil or bed sediment (mg/kg) 

BCFdsed = Bioconcentration factor for soil- or bed- sediment-to-carnivore (unitless) 

= Fraction of diet consisting of ith animal food item (unitless) 

CW = Total COPC concentration in water column ( m a )  

BCF,., = Bioconcentration factor for water-to-carnivore (Ukg). 

BCFs are presented in Table A-2. 
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A-8. Exposure Dose to Mammals and Birds 

Exposure parameters are values used to estimate the daily dose for each of the species-specific 
receptors that represent the different feeding guilds (e.g., herbivores or carnivores). Parameters for each of 
the receptors were obtained from various sources and are presented in Table A-3. The lowest mean body 
weight value from EPA (1993) was used for each receptor to derive IRs using allometric equations from 
EPA (1993). Animals will be assumed to inhabit the exposure area year-round; risk estimates therefore 
will be conservative enough to be protective of the area’s numerous migrants. 

A-8.1 Exposure Doses to Mammals 

Risk to animals in the taxonomic class Mammalia is addressed by selecting several species of 
mammals from different feeding guilds (e.g., herbivores or carnivores) and evaluating exposure for each 
species. Exposure is assessed by quantifying the daily dose (DD) ingested from consuming contaminated 
food items (i.e., plant and animal) and abiotic media. The COPC daily dose ingested (expressed as the 
mass of COPC ingested per kilogram of body weight per day) depends on the COPC concentration in 
plant and animal food items and media, the measurement receptor’s trophic level (i.e., consumer), the 
trophic level of animal food items (i.e., prey), and the measurement receptor’s IR of each food item and 
media. The complexity of the daily dose equation will depend on (1) the number of food items in a 
measurement receptor’s diet and (2) the trophic level of each food item and of the receptor. The daily 
dose of COPC ingested by a receptor, considering all food items and media ingested, can be calculated 
from the following generic equation (EPA 1999): 

where 

DD = 

IRF = 

Ci = 

Pi = 

Fi = 

IRM 1 

CM = 

P M  = 

Daily dose of COPC ingested (mg COPCkg bw-day) 

Measurement receptor plant or animal food item ingestion rate (kg/kg bw-day) 

COPC concentration in ith plant or animal food item (mg COPCkg) 

Proportion of ith food item that is contaminated (unitless) 

Fraction of diet consisting of plant or animal food item i (unitless) 

Measurement receptor media ingestion rate (kg/kg bw-day [soil or bed sediment] or 
L/kg bw-day [water]) 

COPC concentration in media (mg/kg [soil or bed sediment] or mg/L [water]) 

Proportion of ingested media that is contaminated (unitless). 

The daily dose of COPC ingested by a receptor is determined by summing the contributions from 
each contaminated plant, animal, and media food item. The parameters account for 100% of the 
measurement receptor’s diet or total daily mass of potentially contaminated food items that are ingested. 
However, if a food item or media at the ICDF leach pond is not contaminated (i.e., the measured or 
modeled COPC concentration in the media or resulting food item is zero), then the daily mass of that food 
item or media ingested does not contribute to the daily dose of COPC ingested. The proportion of plant or 
animal food item that is contaminated, Pi, numerically accounts for the fraction of a respective food item 
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that may potentially be obtained from outside the geographical limits of the impacted habitat (i.e., outside 
the area of contamination). For the SLERA, Pi and P, will initially be set to 1. 

For receptors ingesting more than one plant or animal food item (i.e., omnivore), EPA (1999) 
recommends that exposure be separately quantified assuming that the measurement receptor ingests both 
“equal” and “exclusive” diets. Not only does this constitute the most complete evaluation of exposure 
potential for a measurement receptor; if warranted, it also identifies which pathways are driving risk 
specific to a COPC and measurement receptor. 

A-8.2 Exposure Doses to Birds 

The same procedure listed in the above section was applied to avian species. 

A-9. Effects Analysis 

The toxicity values for the COPCs of concern are presented in Tables A 4  and A-5 and are from 
the compilation in Toxicological Benchmarks for Wildlife (Opresko, Sample, and Suter 1996) and toxicity 
values listed in the Terretox database of EPA’s ECOTOX Database System (EPA 1996b). A limited 
number of mammalian TRVs were obtained from EPA (2000), Ecological Soil Screening Level 
Guidance, Drafi, Eco-SSL-Ecological Soil Screening Levels. If the newer value was lower than the 
SLERA value then the lower value was retained. 

The COPCs that do not have ecotoxicity values cannot be quantitatively addressed. However, all 
contaminants listed as a possible concern in the leachate are either qualitatively or quantitatively 
addressed. 

If information on ED and body weight was available, EPA (1999) converted dietary concentration 
to dose with the following generic equation: 

Dose = (Cdier * IR) / BW (A-8) 

where 

Dose = COPC dose (mg COPC/kg bw/day) 

cd ie ,  = Concentration of COPC in diet (mg COPC/kg food) 

IR = Food ingestion rate (kg/day) 

BW = Test organism body weight (kg). 
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Appendix B 

Hazard Quotient and Hazard Index Tables 
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